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Description 

A METHOD OF BASE FORMATION IN A 

BICMOS PROCESS 

Background of Invention 

[0001] Field 0 f the Invention 

[0002] The present invention generally relates to bipolar comple- 
mentary metal oxide semiconductor (BiCMOS) and PNP/ 
NPN devices and more particularly to an improved device 
that uses a silicon layer and spacers to separate the emit- 
ter from a silicided portion of the structure. 

[0003] Description of the Related Art 

[0004] As the size of transistors continues to decrease, the resis- 
tance of the elements used within the smaller devices be- 
comes more important. For example, the resistance of the 
base in bipolar complementary metal oxide semiconduc- 
tor (BiCMOS) and PNP/NPN devices dramatically affects the 

performance of the devices. 
Summary of Invention 



[0005] This application discloses a method of making bipolar 

complementary metal oxide semiconductor (BiCMOS) de- 
vices. The invention forms a collector and an intrinsic 
base above the collector. Shallow trench isolation regions 
are formed adjacent the intrinsic base, and a raised ex- 
trinsic base is formed above the intrinsic base. The inven- 
tion protects a portion of the extrinsic base using a sacri- 
ficial mask that is positioned over the center of the ex- 
trinsic base. The invention silicides exposed portions of 
the extrinsic base. This siliciding process leaves a non- 
silicided portion of the extrinsic base over the center of 
the intrinsic base. Next, the invention forms an emitter 
opening through a center of the non-silicided portion of 
the extrinsic base, forms insulating spacers in the emitter 
opening, and then forms an emitter in the emitter open- 
ing. Before forming the emitter opening, the invention 
forms an insulator layer above the extrinsic base, wherein 
the emitter opening is formed through the insulator layer. 
The spacers separate the emitter from silicided portions 
of the extrinsic base. 

[0006] Before forming the extrinsic base, the invention patterns 
an insulator over the center of the intrinsic base and epi- 
taxially grows the extrinsic base over the insulator and the 



intrinsic base. This process of epitaxially growing the ex- 
trinsic base grows polysilicon above the insulator and sin- 
gle crystal silicon above the exposed portions of the in- 
trinsic base. Further, the siliciding process forms the sili- 
cided portions of the extrinsic base horizontally adjacent 
to the non-silicided portion. The spacers in the emitter 
opening are formed on this insulator. 

[0007] This produces a bipolar transistor in bipolar complemen- 
tary metal oxide semiconductor (BiCMOS) technologies or 
bipolar-only technologies that has a collector, an intrinsic 
base above the collector, a raised extrinsic base above the 
intrinsic base on the sides, an emitter above the intrinsic 
base; wherein the emitter has a T-shape with a lower sec- 
tion and an upper section that is wider than the lower 
section, spacers adjacent the lower section of the emitter 
and an isolation layer beneath the upper section of the 
emitter, and a silicide layer adjacent the spacers and be- 
neath the upper section of the emitter. 

[0008] This structure includes a dielectric structure over the base 
and beneath the spacers, where the base is wider than the 
dielectric structure. The spacers separate the emitter from 
the extrinsic base and comprise insulators. Because it is 
self-aligned, the silicide is called a salicide. 



[0009] The invention also includes a method of making a NPN or 
PNP transistor. This method forms a lower semiconductor 
structure having a first-type impurity (e.g., P-type) and a 
middle semiconductor region above the lower semicon- 
ductor structure. The middle semiconductor region has a 
second-type impurity (e.g., N-type) complementary to the 
first-type impurity. 

[0010] This method protects a portion of the middle semicon- 
ductor structure using a sacrificial mask that is positioned 
over a center of the middle semiconductor region and sili- 
cides exposed portions of the middle semiconductor 
structure. The siliciding process leaves a non-silicided 
portion of the middle semiconductor structure over the 
center of the middle semiconductor region. 

[0011] Next, this process forms an upper semiconductor struc- 
ture opening through a center of the non-silicided portion 
of the middle semiconductor region, forms spacers in the 
upper semiconductor structure opening, and forms aT- 
shaped upper semiconductor structure in the upper semi- 
conductor structure opening. The spacers separate the 
upper semiconductor structure from silicided portions of 
the middle semiconductor region. 

[0012] The NPN or PNP transistor produced by this process in- 



eludes a lower semiconductor structure having a first-type 
impurity, a middle semiconductor region above the lower 
semiconductor structure (the middle semiconductor re- 
gion has a second-type impurity complementary to the 
first-type impurity), and a T-shaped upper semiconductor 
structure above the middle semiconductor region. The 
upper semiconductor structure also has the first-type im- 
purity. 

[0013] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 
and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 
tions may be made within the scope of the present inven- 
tion without departing from the spirit thereof, and the in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0014] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 



[0015] Figure 1 is a schematic diagram of a partially completed 

structure according to the invention; 
[0016] Figure 2 is a schematic diagram of a partially completed 

structure according to the invention; 
[0017] Figure 3 is a schematic diagram of a partially completed 

structure according to the invention; 
[0018] Figure 4 is a schematic diagram of a partially completed 

structure according to the invention; 
[0019] Figure 5 is a schematic diagram of a partially completed 

structure according to the invention; 
[0020] Figure 6 is a schematic diagram of a partially completed 

structure according to the invention; 
[0021] Figure 7 is a schematic diagram of a partially completed 

structure according to the invention; 
[0022] Figure 8 is a schematic diagram of a partially completed 

structure according to the invention; 
[0023] Figure 9 is a schematic diagram of a partially completed 

structure according to the invention; 
[0024] Figure 10 is a schematic diagram of a partially completed 

structure according to the invention; 
[0025] Figure 11 is a schematic diagram of a partially completed 

structure according to the invention; 
[0026] Figure 12 is a schematic diagram of a partially completed 



structure according to the invention; 
[0027] Figure 13 is a schematic diagram of a partially completed 

structure according to the invention; and 

[0028] Figure 14 is a schematic diagram of a partially completed 

structure according to the invention. 
Detailed Description 

[0029] The present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the non-limiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 
cessing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein 
are intended merely to facilitate an understanding of ways 
in which the invention may be practiced and to further en- 
able those of skill in the art to practice the invention. Ac- 
cordingly, the examples should not be construed as limit- 
ing the scope of the invention. 

[0030] As mentioned above, the resistance of the base in bipolar 
PNP/NPN devices in bipolar complementary metal oxide 
semiconductor (BiCMOS) technologies or in bipolar-only 



technologies dramatically affects the performance of the 
devices. The invention described below provides a silicide 
layer adjacent the intrinsic base using a unique structure 
and methodology to address these issues. More specifi- 
cally, as shown in Figures 1-8, the invention discloses a 
method of making bipolar complementary metal oxide 
semiconductor (BiCMOS) devices and PNP/NPN transistors. 
[0031] As shown in Figure 1, the invention forms an intrinsic 

base layer 116, 118 above a substrate layer 110 that in- 
cludes a collector 112, and shallow trench isolation (STI) 
regions 114 (such as Si0 2 or other similar isolation mate- 
rials) formed adjacent the collector 112. Region 116 is 
above STI region 114 and is polycrystalline. Region 118 is 
above region 112 and is single crystalline. There is a facet 
between region 116 and 118 known to those skilled in the 
art. A raised extrinsic base 200, 202 is formed above the 
intrinsic base layer 116, 118 through an epitaxial growth 
process. The epitaxial growth process maintains the crys- 
tal structure of the underlying intrinsic base 118 in the 
extrinsic regions 202. Therefore, if the intrinsic base 118 
is single crystal silicon, the extrinsic base 202 will also be 
single crystal silicon. Note that the intrinsic base 118 por- 
tion that is grown over the collector 112 sees a faster 



growth rate than the polysilicon 116 that is grown over 
the insulator 114. Therefore, the single crystal intrinsic 
base 118 is raised above the corresponding polysilicon 
regions 116. 

[0032] | n addition, a landing pad insulator 120 is patterned on 

the center of the intrinsic base 118. The insulator 120 can 
comprise any conventional insulator such as silicon diox- 
ide, silicon nitride, etc., or a stack of the combinations of 
these layers. The film stack can also have a poly or amor- 
phous Si layer as the topmost layer. Further, the insulator 
120 is narrower than the intrinsic base 118 width, but 
wider than the opening that will be formed for the emitter 
at later steps. 

[0033] As shown in Figure 2, a silicon layer that is the extrinsic 

base 200, 202 is formed above region 116 during intrinsic 
base growth. This silicon layer 200 is also formed in an 
epitaxial growth process. Therefore, regions of the extrin- 
sic base 200 grown above the polysilicon intrinsic base 
116 will comprise additional polysilicon. The regions of 
the extrinsic base 202 grown above the single crystal sili- 
con 118 will also comprise single crystal silicon. To the 
contrary, the region of the extrinsic base 204 grown 
above the insulator 120 comprises polysilicon. Note that 



the width of the insulator 120 determines the width of the 
raised polysilicon portion 204 of the extrinsic base. 

[0034] The invention protects a portion of the extrinsic base 200 
using a sacrificial mask 206 that is patterned over the 
center of the extrinsic base 204. This mask layer can be 
an oxide layer, a nitride layer, an oxynitride layer, or a 
combination of these insulating layers. Figure 2 illustrates 
the deposition of the sacrificial mask 206 and Figure 3 il- 
lustrates the mask 206 after patterning. 

[0035] As shown Figure 4, the invention silicides exposed por- 
tions of the extrinsic base 200, 202 that are not protected 
by the sacrificial mask 206. More specifically, the inven- 
tion sputters metals such as cobalt, titanium, nickel, nio- 
bium, etc. over the structure and heats the structure to 
form the silicide 400. This layer 400 is actually a salicide 
because it is self-aligned. This siliciding process leaves a 
non-silicided portion of the extrinsic base 204 over the 
center of the intrinsic base 118 and over regions on the 
wafer other than the extrinsic base regions of the bipolar 
npn or pnp devices. This process also consumes a portion 
of the silicon 200, 202, thereby forming the silicide 400 
horizontally (laterally) adjacent to the non-silicided silicon 
204 and raising region 204 further with respect to regions 



200, 202. The excessive metal and mask 206 is then re- 
moved. 

[0036] Before forming the emitter opening, as shown in Figure 5, 
the invention forms an insulator layer 500 (e.g., TEOS, 
etc.) above the extrinsic base. Then, as shown in Figure 6, 
the invention etches an opening 600 for the emitter. Thus, 
this process forms the emitter opening 600 through the 
center of the non-silicided portion of the extrinsic base 
204 down to the insulator 120. 

[0037] Next, as shown in Figure 7, the invention forms spacers 
700 (e.g., nitride, etc.) in the emitter opening 600 along 
the sidewalls of the non-silicided silicon 204. Next, the 
emitter opening 600 is extended through the insulator 
204 to expose the upper portion of the intrinsic base 118. 
Following this, the invention forms an emitter 800 in the 
emitter opening 600. After further processing steps 
known to those skilled in the art, the final emitter has T- 
shape. One feature of this aspect of the invention is that 
the non-silicided portion of the extrinsic base 204 and 
the spacers 700 separate the emitter 800 from the silicide 
regions 400. 

[0038] This produces a bipolar device that has a collector 112, an 
intrinsic base 118 above the collector 112, a raised ex- 



trinsic base 202 above and on the sides of the intrinsic 
base, and an emitter 800 above the intrinsic base 118. 
The emitter 800 has a T-shape with a lower section and 
an upper section that is wider than the lower section. The 
spacers 700 are adjacent the lower section of the emitter 
and beneath the upper section of the emitter, and the sili- 
cided portion of the extrinsic base 202 is adjacent the 
spacers and beneath the upper section of the emitter. 

[0039] This structure includes a dielectric structure 120 over the 
base 118 and beneath the spacers 700, where the base 
118 is wider than the dielectric structure 120. The spacers 
700 separate the emitter 800 from the silicide and com- 
prise insulators. Because it is self-aligned, the silicide is 
called a salicide. 

[0040] while the foregoing process is described with respect to 
an NPN device in a BiCMOS technology or a bipolar-only 
technology, it is equally applicable to a PNP device. In 
such a structure, Figures 1-8 illustrate a lower semicon- 
ductor structure 112 having a first-type impurity, a mid- 
dle semiconductor region 118 above the lower semicon- 
ductor structure 112 (the middle semiconductor region 
has a second-type impurity complementary to the first- 
type impurity), and a T-shaped upper semiconductor 



structure 800 above the middle semiconductor region 
112, 118. The upper semiconductor structure 800 also 
has the first-type impurity. This structure also includes 
spacers 700 adjacent the upper semiconductor structure 
800. Again, one feature of this structure is that the non- 
silicided portion of the middle semiconductor region 204 
and the spacers 700 separate the upper semiconductor 
region 800 from the silicide regions 400. 
[0041] Figures 9-14 illustrate an additional embodiment of the 
invention that is somewhat similar to the previous em- 
bodiment. The same features discussed above are identi- 
fied with the same reference numbers and a redundant 
discussion of the same is avoided. Therefore, only the dif- 
ferences between the previous embodiment and the addi- 
tional embodiment are discussed herein. More specifically, 
as shown in Figure 9, this embodiment omits the need to 
utilize the mask 206 while performing the silicide process. 
Therefore, the silicide layer 900 is continuous across all 
portions of the extrinsic base 200, 202, 204. Figure 10 il- 
lustrates the formation of the emitter opening 600. Figure 
11 illustrates the formation of the spacers 700. Figure 12 
illustrates the extension of the emitter opening 600 
through the insulator 120. Figure 13 illustrates the depo- 



sition of the emitter material 800 and Figure 14 illustrates 
the patterning of the emitter material 800 to form the T- 
shaped emitter. 

[0042] B 0 th embodiments discussed above reduce device resis- 
tance by use of the silicide layer beneath the upper por- 
tion of the T-shaped emitter 800, which increases device 
speed. The spacer 700 prevents short circuits to maintain 
high yield and reliability. The first embodiment shown in 
Figures 1-8 is more efficient than the second embodiment 
shown in Figures 9-14; however both embodiments pro- 
duce the benefits of reduced resistance, without affecting 
yield. 

[0043] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 
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Claims 

[d] l.A bipolar device comprising: 
a base; 

an emitter above said base, wherein said emitter has a 

T-shape with a lower section and an upper section that 

is wider than said lower section; 

spacers adjacent said lower section of said emitter and 

beneath said upper section of said emitter; and 

a silicide layer adjacent said spacers and beneath said 

upper section of said emitter. 

[c2] 2.The device in claim 1, further comprising a dielectric 
structure over said base and beneath said spacers. 

[c3] 3.The device in claim 2, wherein said base is wider than 
said dielectric structure. 

[c4] 4.The device in claim 1, wherein said spacers separate 
said emitter from said silicide. 

[c5] 5.The device in claim 1, wherein said base comprises: 
an intrinsic base; and 

an extrinsic base above said intrinsic base. 



[c6] 6.The device in claim 1, wherein said spacers comprise 



insulators. 

[c7] 7.The device in claim 1, wherein said silicide layer com- 
prises a salicide. 

[c8] 8.A transistor device comprising: 

a lower semiconductor structure having a first-type im- 
purity; 

a middle semiconductor region above said lower semi- 
conductor structure, said middle semiconductor region 
having a second-type impurity complementary to said 
first-type impurity; 

an upper semiconductor structure above said middle 
semiconductor region, wherein said upper semiconduc- 
tor structure has a T-shape with a lower section and an 
upper section that is wider than said lower section; 
spacers adjacent said lower section of said upper semi- 
conductor structure and beneath said upper section of 
said upper semiconductor structure; and 
a silicide layer adjacent said spacers and beneath said 
upper section of said upper semiconductor structure. 

[c9] 9.The device in claim 8, further comprising a dielectric 
structure over said middle semiconductor region and be- 
neath said spacers. 

[do] lfj.The device in claim 9, wherein said middle semicon- 



ductor region is wider than said dielectric structure. 

[en] ll.The device in claim 8, wherein said spacers separate 
said upper semiconductor structure from said silicide. 

[c12] l2.The device in claim 8, wherein said middle semicon- 
ductor region comprises: 
an intrinsic middle semiconductor region; and 
an extrinsic middle semiconductor region above said in- 
trinsic middle semiconductor region. 

[c13] l3.The device in claim 8, wherein said spacers comprise 
insulators. 

[c14] l4.The device in claim 8, wherein said silicide comprises 
a salicide. 

[c15] 15.A method of making a transistor, said method com- 
prising: 

forming a extrinsic base above an intrinsic base; 
protecting a portion of said extrinsic base using a sacri- 
ficial mask that is positioned over a center of said ex- 
trinsic base; 

siliciding exposed portions of said extrinsic base, 
wherein said siliciding process leaves a non-silicided 
portion over said center of said extrinsic base; 
forming an emitter opening through a center of said 
non-silicided portion of said extrinsic base; 



forming spacers in said emitter opening; and 
forming an emitter in said emitter opening, 
wherein said spacers separate said emitter from silicided 
portions of said extrinsic base. 

[d6] l6.The method in claim 15, further comprising, before 
forming said extrinsic base: 

patterning an insulator over said center of said intrinsic 
base; and 

epitaxially growing said extrinsic base over said insulator 
and said intrinsic base. 

[d7] l7.The method in claim 16, wherein said process of epi- 
taxially growing said extrinsic base grows polysilicon 
above said insulator and single crystal silicon above the 
exposed portions of said intrinsic base. 

[d8] l8.The method in claim 16, wherein said spacers are 
formed on said insulator. 

[d9] l9.The method in claim 15, wherein said siliciding pro- 
cess forms said silicided portions of said extrinsic base 
horizontally adjacent to said non-silicided portion. 

[c20] 20.The method in claim 15, further comprising, before 
forming said emitter opening, forming an insulator layer 
above said extrinsic base, wherein said emitter opening 
is formed through said insulator layer. 



[c21] 21.A method of making a transistor, said method com- 
prising: 

forming a lower semiconductor structure having a first- 
type impurity; 

forming a middle semiconductor region above said lower 
semiconductor structure, said middle semiconductor re- 
gion having a second-type impurity complementary to 
said first-type impurity; 

protecting a portion of said middle semiconductor re- 
gion using a sacrificial mask that is positioned over a 
center of said middle semiconductor region; 
siliciding exposed portions of said middle semiconductor 
region, wherein said siliciding process leaves a non- 
silicided portion over said center of said middle semi- 
conductor region; 

forming an upper semiconductor structure opening 
through a center of said non-silicided portion of said 
middle semiconductor region; 

forming spacers in said upper semiconductor structure 
opening; and 

forming an upper semiconductor structure in said upper 
semiconductor structure opening, 
wherein said spacers separate said upper semiconductor 
structure from silicided portions of said middle semicon- 
ductor region. 



[c22] 22.The method in claim 21, further comprising, before 
forming said middle semiconductor region: 
forming a silicon layer over said lower semiconductor re- 
gions; 

patterning an insulator over said center of said silicon 
layer; and 

epitaxially growing said middle semiconductor region 
over said insulator and said silicon layer. 

[c23] 23.The method in claim 22, wherein said process of epi- 
taxially growing said middle semiconductor region grows 
polysilicon above said insulator and single crystal silicon 
above the exposed portions of said silicon layer. 

[c24] 24.The method in claim 21, wherein said spacers are 
formed on said insulator. 

[c25] 25.The method in claim 21, wherein said siliciding pro- 
cess forms said silicided portions of said middle semi- 
conductor region horizontally adjacent to said non- 
silicided portion. 

[c26] 26.The method in claim 21, further comprising, before 
forming said upper semiconductor structure opening, 
forming an insulator layer above said middle semicon- 
ductor region, wherein said upper semiconductor struc- 
ture opening is formed through said insulator layer. 



[c27] 27.A method of making a bipolar complementary metal 
oxide semiconductor (BiCMOS) device, said method com- 
prising: 

forming a collector; 

forming shallow trench isolation regions adjacent said 
collector; 

forming an intrinsic base above said collector; 
forming a raised extrinsic base above said intrinsic base; 
protecting a portion of said extrinsic base using a sacri- 
ficial mask that is positioned over a center of said ex- 
trinsic base; 

siliciding exposed portions of said extrinsic base, 
wherein said siliciding process leaves a non-silicided 
portion over said center of said extrinsic base; 
forming an emitter opening through a center of said 
non-silicided portion of said extrinsic base; 
forming spacers in said emitter opening; and 
forming an emitter in said emitter opening, 
wherein said spacers separate said emitter from silicided 
portions of said extrinsic base. 

[c28] 28.The method in claim 27, further comprising, before 
forming said extrinsic base: 

patterning an insulator over said center of said intrinsic 
base; and 

epitaxially growing said extrinsic base over said insulator 



and said instinsic base. 

[c29] 29.The method in claim 28, wherein said process of epi- 
taxially growing said extrinsic base grows polysilicon 
above said insulator and single crystal silicon above the 
exposed portions of said intrinsic base. 

[c30] 30.The method in claim 27, wherein said siliciding pro- 
cess forms said silicided portions of said extrinsic base 
horizontally adjacent to said non-silicided portion. 

[c31] 31.The method in claim 27, wherein said spacers are 
formed on said insulator. 
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Abstract 

Disclosed is a bipolar complementary metal oxide semiconductor 
(BiCMOS) or NPN/PNP device that has a collector, an intrinsic base 
above the collector, shallow trench isolation regions adjacent the 
collector, a raised extrinsic base above the intrinsic base, aT- 
shaped emitter above the extrinsic base, spacers adjacent the 
emitter, and a silicide layer that is separated from the emitter by 
the spacers. 
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